Introduction
During recenit years several papers have appeared dealing with the carbohydrate conitent of various grasses. SAMPSON anid MCCARTY (16) , MCCARTY (8, 9) , NORMAN aiid RICHARDSON (15), MIOROSOV (12) and MCIL-VANIE (10) , have studied changes occurring during the growing season and during the transition from the vegetative to the fruitful condition of the plant. NORMAN (14) , LEUKEL, CAMP and COLEMAN (5) have in addition studied the effect of addingr nitrog,en to the soil on the growth and carbohydrate content of various grrasses.
In the light of some of the earlier of these inivestigations and in connection with some work at Cheyenne, Wvomingr, the question arose as to the effect of lack of nitrogen on the growth and carbohvdrate content of some of the native range grasses. It was also woondered how the growth and carbohydrate content of these plants growln without nitrogen for some timiie would be affected when nitrogen was again made available. In this paper are presented some results obtained on the dry weigrht and various carbohydrates of Agropyron sniithii Rydb. and Boitteloiua gracilis (H.B.K.) Lag. in sand culture, as affected by removing nitrogen from the niutrient solution for a certain length of time, and then addingr it again for the same length of time. These particular species were used because they are among the most commonly occurring range grasses in the central great plains.
Materials and-methods
For ease in describing the procedure followed in these experiments the time during which the plants were grown cani be divided into three periods. During the first period all of the plants were grown in a complete nutrient solution allowing, for good growth at the start. During the second period half of the plants were grown in a nutrienit solutionl without nitrogen, the other half in the complete or plus niitrogen nutrient solution. At the end of the second period half of the plants growing in the plus nitrogen and half of the plants in the minus nitrogen solutions were harvested and their drv weights and carbohydrate contents determined. During the third period all of the remainingr plants were growni in a complete or plus nitrogen nutrient solution. At the end of the third period the plants were harvested and their dry weights and carbohydrate eontents determined.
Throughout the remainder of the paper the plants grown continuallv in the complete or plus nitrogeni solutions will be referred to as the plus nitrogren plants, while those growni in nutrient solutions without nitrogen 481 Three series of experiments were carried out on both species. Plants of Agropyron smithii were grown from seed in 1936, from one year old clones in 1938, and from two year old clones in 1939. Plants of Bouteloua gracilis were grown from seed in 1936, from one year old clones in 1938, and from three year old clones in 1940. The dates on which the plantings were made, the duration of the periods, and thus, the harvesting dates in the various years, are shown in table I. It can be seen that the procedure outlined above was followed every year, but that the dates of starting, the experiments, the duration of the periods, and the harvest dates, varied from year to year.
The plants were grown in two-gallon glazed crocks or in asphalt coated galvanized iron tanks 1' x 2' x 1i', alled with quartz sand to which nutrient solutions were applied by the hand operated system described by WITHROW and BIEBEL (19 The nutrient solutions were made up with tap water which supplied the other minor elements. The pH of the solutions was maintained at about 6.0.
In harvesting, the plants were carefully washed free of sand, dried between toweling paper and the fresh weights of the roots and tops deter- The dry weights per plant and the top-root ratios of Agropyron smithii are shown in table III. In two of the three years the roots of the minusnitrogen plants had a greater dry weight than those of the plus-nitrogen plants at the time of the first harvest, but had a smaller dry weight in all three years at the date of the second harvest, or at the end of the third period. The dry weights of the tops and the total plants were always greater in the plus-nitrogen plants. In all three years the top-root ratios of the minus-nitrogen plants were always smaller than those of the plus-nitrogen plants. Between the two harvest dates, however, the ratios of the plusnitrogen plants increased while those of the minus-nitrogen plants decreased. In discussing the results, the dry weight determination will be considered first, followed by the carbohydrate analyses.
The effect of the different amounts of available nitrogen on the growth of the plants of both species as measured by their dry weights were what were to be expected and agree in general with the results of HARRISON (2) on Poa pratensis. The results presented here indicate that under the conditions of these experiments lack of nitrogen retarded the total growth of plants of Agropyron srnithii and Boutelonta gracilis but tended to favor the growth of the roots as compared to the tops of the plants; while abundanit nitrogen tended to favor the growth of the tops as compared to the growth of the roots. This was shown by the fact that the total dry weights of the plants that had been grown without nitrogfen for a time were always less than the total dry weights of the plants that had always received nitrogen; while the top-root ratios of the former plants were always smaller than those of the latter. The increase in the top-root ratios on the addition of nitrogen to plants that had been without it for a time, under conditions which resulted in an increase in these ratios in plants of Agropyron smithii. and 1936, 1938, and 1940 . These ratios indicate that under the conditions of these experiments the growth rate of Agropyron smithii when slowed by lack of nitrogen was not immediately increased on the addition of nitrogen to that of plants that had not suffered from nitrogen deficienev. For Bouitelolta gracilis these ratios indicate that under certain conditions the retarding of the growth rate due to lack of nitrogen was completely overcome when nitrogen was again made available. This is further indicated for Bouttelouta gracilis by the lack of a significant differenee between the total drv weights of the plus-and minus-nitrogen plants at the end of the 1940 experiments.
In discussing the results on the carbohydrates the results obtained on the first harvest date or at the end of the period during which the minus-nitrogen plants were grown in the absence of nitrogen will be considered first. On this date in all three years the sucrose and starch content of Agropyron, smithii was always much higher in the minus-than in the plus-nitrogen plants. The greatest increase in sucrose content occurred in the roots, while that of the starch content occurred in the tops, except in 1936. Likewise on this harvest date the minus-nitrogen plants of Bouteloua, gracilis always had a higher percentage of sucrose than the plus-nitrogen plants. This was true of both the roots and the tops, but the difference was greater in the roots. There was no consistent difference between the plus-and minusnitrogen plants as far as the starch content of Bouteloua gracilis and the reducing sugar and hemicellulose content of both species was concerned. Thus it seemed that the principal effect on the carbohydrate content of withholding nitrogen from plants of Agropyron smithii was to increase the sucrose and starch content of both the roots and the tops with the greatest increase of sucrose occurring in the roots and of starch occurring in the tops. In the case of Bouteloua. gracilis lack of nitrogen tended to increase the sucrose content especially of the roots.
Between the harvest dates or during the period nitrogen was again made available to the minus-nitrogen plants, the sucrose and starch content of the minus-nitrogen plants of Agropyron smithii and the sucrose content of the minus-nitrogen plants of Bouteloua gracilis always decreased, and at least in 1939 and 1940 by a highly significant amount. While these compounds were decreasing in the minus-nitrogen plants, in two of the three years they were increasing in the plus-nitrogen plants. In the other year, 1938, the percentage of these compounds in the minus-nitrogen plants decreased a great deal more than in the plus-nitrogen plants. Thus It is generally conceded that starch as such is not found in the vegetative parts of grasses. LOoMIS (6) states "in common with most grasses starch is not found in the vegetative parts of corn." NORMAN (14, 15) makes no mention of starch in the vegetative parts of Lolium perenne and Dactylis glormerata. According to LoOMIS and SHULL (7) Taka diastase will hydrolyze dextrine and other compounds along with starch to copper reducing substances. Tests with iodine on thin sections have shown, especially in the parenchyma of the roots of the minus-nitrogen plants, minute granules which stained a lavender or purple with iodine. Different observers of these granules have not been sure that these were starch granules since the color with iodine was not quite right nor were concentric rings apparent. Thus, it may be doubted that the material hydrolyzed by Taka diastase and reported here as starch was really such. NORMAN (14, 15) has shown that fructosans form reserves in Dactylis glomerata and Lolium perenne, and MOLISCH (11) reports polysaccharides of fructose in many grasses including Agropyron repens. It may be that the materials reported as starch in this paper were at least in part fructosans, since these substances are found in one closely related species, Agropyron repens, and since according to ARCH-BOLD (1), KIHARA reporting in the Journal of the Agricultural Chemical Society of Japan found that fructosans of several species of Allium were hydrolyzed by Taka diastase.
In these experiments the plants of Agr-opyron smithii were started from seed, from clones 1 year old, and from clolnes 2 years old; the planits of Boiuteloua gracilis were started from seed, from clones 1 year old, and from clones 3 years old. It is interesting to note that the older the source from which the plants originated the higher the percentage of hemicelluloses and the lower the percentage of starch present. This suggests that these changes in percentage were perhaps associated with the senility of these plants. It 
